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(57)Abstract: *** ^ m 

PROBLEM TO BE SOLVED: To provide a low resistance p-type III 
nitride semiconductor, and its producing method, in which a mother 
crystal can be doped efficiently and heavily with three atom complex 
dopant. 

SOLUTION: A low temperature GaN buffer layer 1 1 and a p-type GaN 
layer 12 are formed sequentially on a sapphire substrate 10. The p- 
type GaN layer 12 is doped with p-type impurities, i.e., Mg (magnesium) 
and O (oxygen), by about 1 X 1020 cm-3 and 3 X 1019 cm-3, 
respectively. 
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^«£tt£-&tf p si 1 1 «iaft«^»*ofBH*«fc*j 

<r><m3mza\^x . r^-fer^-«^tt«eaRt h-^ 

pSi i ife&itm¥mfo*im-t2> z t zmkt^h P 
mi umsit9fim»mm^m. 
im#m3) a*Jii^^(iii*3S2ta«(7)pMiii 
tmfcwmttnimimTimztLte z t nmt-t 

m&tm^itmftu— r-x$>z z t zimit-t&¥- 

ifi^frw— <r- B£-r & p mi 1 1 gsMun^aiftJi 
^-c *>*a*it#ja 3 fgtt^o P m 1 1 ^a-ft^^^T' 

[000 1] 
[00 02] 

*mw*mm vtz^sm&m&L e 3 0 mwsjgcoa} 



[0003] gUfcif, SEV^«8SMf***SJ:'t&«3e* 

^^mtmrnizmm^ti^pmuims-itw^m^ 
izizn^wTWkmtfm^ztLZ,. u>>L&a*f>. a 

S^iS^pMcoi.colifi'^iSrv^ e^fcf % ¥mftu- 
•f-ff)?? -, mtZ&mZtl&A 1 GaNTU *+'J 
r»*#l 0i8cm-3^gi.i>tcr)tr^K-r4^i:{i:ffl 

7-mm < $fi^Ztl l Zh&. A 1 GaNtliWyH 

< tc&fdsb. m&X'CDT7*:y°7-<7)'&&-itm&'h2 < 
3rS. MilfAl^^^GaNT'ib-^ti.^ MUX' 

1 0"cm-ag«C0T^-t7 , ^-tt^Rtt«l*GaNCK 
-V>?LXi>**>JTmg.tel 0'8 C m-3gjK(cL*> 
Sr^&V^ T^T^-^fi^GaNiO kgfEV^A 1 G 
a NTiS, $ t> tztmttmi'bZ ^f-r'JT 

T7*r?-m;&mcDF-v>ym,£tmuLx 

fc, H-ty/l^l O20cm-3?rjgi.l>i:T^-fer^ 

- b' $riiJn LT *> + y r««W4±JR*«&4 . 
MilfGaNtl 0i«cm-»8Kt*4. 
[0 004] ^ixS-^-r-S^i: LX. #^¥1 0- 

ioi496f (ot. mamit^o > m§ 

tSi^2 : 1. fc6V^« s Mgt0^2 : 1. $>&V> 
(i. Bet Si 5:2 : 1, $>4V^ti, BetOS:2: 1 
c7)Jt^T\ GaNtl0 18 cm-3-10 2 »cm-3gI|5| 

4 ^rffi*^ $ tix v . £ <?3^T-«i .s*i B B B (;<?) 

GaN) +tTi7-fe7°^-1t^%2M J ?fcH 

x\ ^fmmmw. (r^^r^-wm tfm<%&tti» 
* + y r ii^co p a n *>'#t?-c * 4 . 

[0005] 4fc. «FS¥10-144960f (JS 
T» ^a^3|5S«2i:V^9 ) (CJi, S i fcMgil/1 OJil 
±1/1 WT<^)S i /MgJt-CK-b-V-^-f&.rfc-C', 

1 1 nm^mmhtih z t una znx^ 

h. ¥iffiy-l 0-1 54829^ (JUT. 

tB3t^3 ) Wi. OiMglrl/l OJJLLI/IOT 

no/Mgitxv-t'yy-t&ztx. m^tmntm 
mco&)%j>mt>tL&z\ttf^tix^z>. ttz. nm2 

000-29488 0^ (OT, fi!3t^fl54 fc V^o ) 
{i, OtZn*l/5JjU:l/2J3lT<0O/ZnJtCH 
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[0006] 

[0007] mteWfo 1 ~**fi»B4 iZmZtlX^&T 

Ay F<0«fig£«rff SWT. D TMS^ft^pMll 
[0008] _B£ Lfcfl£*ttfB<?5RiaLft*» 

ft t o t , mm* < Ohm&iz 3 m^m-si* f 

-/s-y h H— ft<£J&inOT P I 

1 1 1 tm<m*mm$ x ntm-mm x r/^mmi 

[0009] 

iBm*mkt&t:#x7&m ±res«£jsi£-f ft*#> 

tt^*$%7Cfg i: W|£-& £ Wf ft -ft^l £ H-ycyMUS, 

com ltpMii ii^mmnw* - 1 
[ooio] ±fcai*B2gBtt<o«iH«. m&R 1 mm 

hit^Y-^yvcr>mz^ T9*79-&KWMmm 

■tzztz&mt LT^ft. 
[0011] ^7tfi^JS3Ei{tfO«BB(i, fS^JBl 4fc 
ttffiftg 2 teiSc?) p MI 1 1 «afl3ftiN»f*a?Df«ttFtfe-C 

ft*s ft* p mi 1 immitwmwx'h ft . 

[0012] *fc«*«4Ett<0«^Wi. tf««3ie« 

^ pmi i mmim*mm%&*mtemmmm$:ii t 

TV>ft¥*fl^ircj>ft. 

[0013] *fc»*JB5se«<o*!Wi, i«*^4re» 



s y ^«ffi*q»j«s<i-cv^ i t zmmt tx^ 

ft. 

[0014] 4fcit*JB6fEtt<a$Ha«, If *«4 4* 

[0015] 4fcW**7iE«<0fKH«» ll*«6IS® 

Xh&ZkZ'imk LT^ft. 
[0016] 4fc!S#«8!a®«Of£BJ3(i. »*^7Ea 

p mi 1 1 mmim^mwrn^xcomtmim. 3 re«<o 
P mi 1 1 Biaft»2Ni«cT»js$ftr ^zzt srwat 

LTi^ft. 
[00 17] 

[«»«>SBfctf>JBJB] J2TF-. *«B^HJft}gSI^0Biitc 
[00 18] gSlOSSiBBltt 

tti^fiftow-fr* **t* p m 1 1 iaiafl:****^ 
fmymzn^x. T?-ty°?-m;ms7tmk vi— 
&*mt7tmk<7>m&ziii-t&fc&fat ham 
iz&m lx p mi uwm.im*mw*wwk-tz> ztzm 

[0019] ^^t\ mmmim^mwtit. Ga 

N, A IN, InN, BNtf>23C'ffc£«rt\ ^n^>27C 
-ft.^<7)^ B -CJ)&37C^, 4tc^. 57c^aA¥#Mc 

[0020] ttl. T?*7°?-ti?Fimjtmk F-y— 

*2r^. T9*79-&T-mi>7cmb VT~fcFim 
ym t vtt&tf-jtWXUb ft ^urc* ft . 
[002 1 3 ftfrWtti. T9*79-\t^m»7mt 

Y^-^WMym t wm-sm-t ft ft&m t « . m 

7^W-ttSMg, Zn. Cd, Be, ^COttLCO 

T9-t79-iz%*)%&7cmt, mmm?twMLxft 

^H2{lfcrA0H^-^ftO , S e , S , T 

e , znmcohi—iztc'om&yimt *»«7aRc* 

Wi-Jf, MgfcO, MgiSe, ZntO, Zni 
S e ^cO^Sr^-r •fb^TS) ft . 
[002 2]«itfs ZnftiV^liMgtO (B?*) t 
COm^^-t^t^Xli. Ms (C 5 H 7 0 2 ) 2 <f* 

, Mg (C n H 19 

O z ) 2 ( f^>-'bVN*D-<;^^^--h-7^^t>A) , 
Zn (C 5 H 7 0 2 ) 2 F^'V 
?K Zn (C u H 19 0 2 ) 2 (t'XytTA'n^yM^t 
- ) f<7)7-fef t< V^y tn^/M 

- *J*r V Wt,^9*% ft . 
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[ o o 2 3 ] z.<r>w> i <o£te^<?>«*#ffiTii. G 
a. ai, in, BKct'coum7tmmAtmmwMt 

fzmm^mznmtx . s«j:tciii«iH*fcsiMiswtc* 
rs*. -cit\ r^-tr^-^mmai o^cm * 

ft5R»«W)J|tf5 1/10- l/2gg»M Y—^yy 

StOTtiSrU. 04*Ji\ MOCVDSt'li. Illfitil 
£l£LT. TMG a , DEGa, TMA 1 , TM I n, 
T E B & £ i: #T§ . fc LT . N H 3 

^ffifflT^S. 

[0024] zofsiegmmmizxtuf. rr-ty? 
a-flSftttfttaRfcfcir ^-fer ^-tt^ft ( i ii&s^ ) 

jbUiSWftjD^.A.ixl.i:, ^tciIlSUI^ffiE&S 
^-llS^fi03il^«^#*<msn4. T 

[0025] mkx-ii. T?*7?-&?Fm9t v-r- 

ftPFWfab Z*ti?tiW\«<r) F-A7 httmt LX H— 

h 1W{ffiik*lz K-tf V^Sfifi COT, fe* J: 0 
fcffiiKJjiw p MI I lS^^*^f*:^B B a ^#«T# 4 . 
[0026] IS2cPgg]Sfeff#g 

i comtmmcop mi \ \Tmim*mte<wmrnk\,zis 

[0027] CW*20*St«SB«7)f«!**feTli. t£A 

t. mwLtiziummim^m^m^^L. pmih 

W-tt^Wil0 19 cm-3-l 0«cm-3;gjg. 



H . r 9 * r * -tt^&^ofitfo l / 1 

0~l/2mKc0fi^K-tT>'i/-r4. Mg^Z 

t«0T«^tV\ mUi^ MOCVDftTJi, 
Cp 2 Mg^ (EtCp) 2 Mg, DEZnfrW^ 
4. 

[0028] z<?>ns2<?>mffi&miz£tai£. r^-tr? 

yVWM^n^zV-'C>9'-tl,(r>X\ T7-ty°7-& 

%h&o 0 „ ffiffigicT) P SI I I&BftflrtHfttttA 
[0029] ±3&Ltzm 1 *3t«*2<OHil»JB«)fH8 

wmfcnmz&wz. io i9 cm-^io"cm-'g 

1/10-1/2 WgcoMcr, \i-f—&Fmn t W K— 1° 
y^tl.Xti'O. T9*.7?-1BFtk llf^i 

f^Rsnfc pmi nmmim^mftmikiz. #^ts> 

[0030] Zcr>£ o Izm 1 *fc{iSS2<0SafigJ|W)p 

Mm «saft«^*««^R^rifeT#« s fife p mi 1 1 m 
mm¥mmi. mm8uz3WH-m-i& y-^> 

paiiiisa'fk*^**:**. 

[0031 ] ±aLJtSISl 4fc»±»2<0SQt»JB 

^>fMKri6TfWSiTJt p MI 1 1 m&Mtfmto&lrtt 

^mimmmm^ Lx^&^mmmzffifct&z t 

* J T# & . _B£ Lfc* 1 4 Ttfi^ 2 crmtmmcoim}) 

mxfmztifzpmiummim¥mmi. *mfcmw. 
ii i^M-fb%^frw^tt^fflv%T«tg-r4 tcoT^n 

m%.$tl&i>cr>X°li%^. 

[0032] m^iffiw 

1 OT* o fc p M 1 1 ISlS-fL^^ftillcSin:^ 
v^pSHli!l2ft«j¥** (±aLfc»l4fc{4»2<0 

ns^scofm^Tf^ $ titz p mi 1 1 mmiuto*m 
m *imLx^z<nx\ mk&nmmtwmmi 
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[ 0 0 3 3 ] 4* . JJ£¥il*tt8SBfc:tH vC . _bSG L*: 
SS 1 * 2 *>«MBffl»ft«*ttTft«S*lfc P M 

i ummimtmmz*- s -y ?-%mzBfc?&z t # 
■cs * . £«o ± a $r¥*fcii»:L _ta i-*#t 1 4 fc« 

as 2 a JtMMH|K>fM0tt£rft!H3 p MI 1 1 J&M 
■f&ZklzX i><7)X'htitt. 

\>\ 4*. ±&Lt:mi&t:im2<Dmimm<oftmjj 
mx'ftmztiti p mi 1 1 £aMu*¥«tttt , nmmm.cn 
mmffix'foi&mii%<. mz.imTmx'br>xi>& 
v\ 4*, asfSitii, w B t*ot^w 8 tj>o 

[0034] zco^m^mmx-it. * -c y rasosv* 

pMIIIJ^-ftW^tt (±&L*lfSl 4*«fS2<0|| 

MB®<7)^ss^T^$fL^ p^iii m&.wwm 
m iz*-$ y?mfetfBtfLZtix^&cox\ pmx- 

^zt commn i otj> ofcpfflw-— $ y? m^ioigM 

[0035] ^, Jii£L*:¥3SttiSSStt. Pi^ift 

*»fe=Sf'9. PS i NW«OHW**v^i^«36«« ±*EL*: 

III|^l5ltj4 i 3WMfc=Sr-9TU*. *LT. _B*Lfc 
SS 1 4 2 <o|QBBMlofBH*llfe-Cf«S iifc p M 

uimmimtmmzx-z •yrmmzBjR-f&ztrf 
[0036] zcoxozftftm^iza^x. j*#gwi, 

nM^«stpM^«!i:tc^4ixfc«iStftS. 
i£t&Vm.X'hiX\f. *^(p-n8^) , i^V^ 

ji^FKBt, *<mb'<n x a ifluirc* 

ifcv*. 4*, ;c?)%^^i. pimtnSfS 

Ym<wm%i t h zttfx'% h . ttz. mmmm 
&mi' B ^-?ticoffimx'h-oxi>&\,\ 
[0037] mwc. iMiztmTtf^mitu-v- 
x'h&w&. *mwu— ?-commi&mzm%.$ti&i> 

t#&as*u u— *'-ftm\-mzn<9 ass*.*, 



[0038] C^dfcfctt^f-fctsvvctt, pMIH 

mmm^m-wmizmkn^ * P mi n wmAtwmw. 
< ±» Ltzw, 1 4 fct±» 2 nmMBmcoftmimx'im 
£titir>Mui mmm^mw > zimLx^&<?>x\ 

«*<0i<0j:Diffl;^. 4*. StflgfittfffiV^-C. * 

tb, &tiij)mmr*imx'h&. tot. w&<r>u\wm 

[0039] 4*u ±E«7t^* i ^f*:^— T-T'J) 
y c -£«Ji!c-r-?.^tt»8«}!l<0p 

mi i iiiwiftiw a *><owf franc, ±^ 

St 1 4 fcttJB 2 «WI»«i!MtfW $ fut p M 

SQBKBW)f^R*S6Tff« $ ft*: p Ml 1 1 WmftMmg 
temiZpW*-$'y7nm*BfSLLfci%&l l ZiZ. jf-S 
■y^«ffi^SS^fiiS:ffi<-t-| l -i:* < Tl=-?.. tot, 

"Ohi&K^-hZbifX'^h. 4fc. SRflatfc&HKv^ 

JfWIII^^itSj^frU— r-J: 0 t»^mE* s ffi 
[0040] 4*. ±K^f*:U-if-tCfc^T. 

r- mmt h p mi 1 1 saafl:«i^N»Mi<o^x 

X'tim Z ixtz p MI 1 1 8iS{fc*iNIW*fc-r 4 - k *>*T'# 
4. -t=5r^*>, f-zmiRt S^TtfOpMH 

i«a^t*im**, ±^t*s>i4*(iss2<osot^ 
js^f^s^ffit-f^six* p mi i iwmfcwmmz-r 

hZtirX'ZZ,. 

[0041] r-zmm-h-£x<7>pmu 
mmim^mwrniiM t*m 1 4 fzam 2 <r>mtmm 
<wmmix°jmztiteismtv> p mi i i mm-itm^m 

v\ Hot, i«iN»*W-l»*-T«« tft^BESriO 

t*, ^msEW^^^fc v ix i> < , muzzz 
*oi 1 1 wmm*mte\s--*F- .tot sw^se*<<£ 
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X'Zh. 
[0042] 

[0043] mmmi 

mm i -en , b i cmmBmwtmjTmT pmum 
im*mm± p m g a n t-s> s „ 

[0 044] aiJi^^il^ifiCTlcOpMlIIfitfi 
•ftft¥*5ft (plGaNf) £^0T'$>.g>„ Hi £# 
ItSt, t7r^TlSl OiJC, IfflGaNA' 7 7 
r-Il 1, plGaNfl 2#J!&t;:7Bjft$ftT W 
2>. ZZX\ plGaN112l^ pI^KOMg 

C?7*i/VJ±) tO mm)i)K ZtlZ'tl. Mg(il 
X 1 0 ! «cm- 3 g£ O (K*) li3Xl 0' 9 cm-sg 

^Y-fyy^tix^. 

[0045]^:. 9mmi<7)pmuumfcm¥mfa 

(PlGaNfl 2) «f»M^»S. SlJfcfiajl 
cOpMGaNJll 2Ji. MOCVDST'MMfLTff 

T, Mg (C 5 H 7 0 2 ) 2 (b'XTbf-/l/7bh-f-|--V 

[0046] -T^*>. £-f, ^7r>(7S«10^ 

je^c-fc-y hu ^Sttf-x*, 1 1 2 0Tr-eMfcU ^ 

fUcU TMG£SEU ligGaNA 7 7r-ll IS: 

[0047] <K^X\ iaSSr 105 0'CC±tf , M*5r 
^'J7*"Xi:U, TMG, Mg (C 5 H 7 0 2 ) 2 ( h' 
XT^fyPTtht-h^y^A) £ife&U pM 

GaNii 2&mmLtz. 

[0048] pSGaNJ112«±. 'J TilUS** 2 x 
1 0 18 cm-3JJLtT\ ^Ok^i9iffl3£tjt<7)p§!£ 

Mgfco mm) zm*<7>r i -j'<>hm, 

mX'\ i -V>7'Ltii>cr>lZ. *-rVTmmi2x 1 0 17 
[0049] SIM2 

mmm2X'\t. &2cmimmcoim)imx'pmum 

-fcft^Slffcti P M G a N T'£> & . 

[0050] a2{it^$^»fef5ii2<7>psiiista 

•ftflM^ffc (pMGaNJf) Z^-fmX'hh. 02£# 
{SW&fc, -9-7r^TSS20±lC, figGaNA 7 7 
r-12 1, pMGaNil2 2*>*Ji<J:lC^$ixTV 

pSGaN«2 2ti:, pI?Mi<?)Znt 
O (S?*) fr\ ZtlZ'tl. Znliixi 02»cm-3g 
O (Wm) «2X1 0i9cm-3gSH-b->-j/$tl. 

[0051] <xtz. mm2<r>pm\\^itw&£te 

(p!GaN12 2)<Wi^pm. ^MM2 



(OplGaNf2 2li. MOC VDmX^a^tXfP 
T, Zn (C 5 H 7 0 2 ) 2 (t'X7*f/l-7-bht-b-/' 

[00 5 2] -f+cte-h. *r7T4TmU2 0ZK 

JEKC-b-y hU *^*Xcp. 1 1 2 0°CfinfaL> S 
S2 0«0*ffi^^i;-^>-^'LJt. iaS$r5 2 

§U~U TMGSrcSU fii§GaNA 7 7 7 -l2 1l: 

[ 0 0 5 3 ] <KWC\ S££ 10 5 O'CtCjitf , mm* 
^'J7^i:LT, TMG, Zn (C 5 H 7 O z ) 2 (f 
XTbfvL-Tb^-h tDEZn^U 

PIG aN!2 2zmmtti. 

[0054] pfGaNf2 2(i, ^f-V U 7^**2 X 
1 OiScm-^ULt-c^ ^OtcOiOtiSffitii^P^Sr 
^L^i. Zn (C 5 H 7 0 2 ) 2 ( \iXT^)VT^. 

hi—h'Jy^) £&ffl-tt-fH, ZnfcO (B?St) £S'J 
h'-;\'y h^T' K-bv-^L*: t -v U 7 
i&£l£5x 1 0 16 cm-3t^fc. 

[0055] HfifeflB 

mm\ 3\±.mi$.tz\,m2 ^mtrnm^m^mx-^ 
zuLx^&^mftmwx'hh. mfemiz, mmmso 

[ o o 5 6 ] 03 , m4immm3cr>¥mfaMw. (sn 
ity* Ycr^ttammmizmm^:mx'^mmmx'$) 

0, Il4(i^3fe^3r-Kc03tai^®tc¥fi : ^: 
[00 57] 03, mA<rmX'\t.^3t^^^—Vty 

[0058] ^lt, mtrjf-rtby* vy^*- 
Yt\±. m-nmmmmfrt>*ixh. zommmm 

li. +r7T-4TWfa3 0±.l,Z^ A 1 Nfi^a^*/7r-fl 
31, n|A] ) j 3 Ga 0 . 9 ,N3y^?M32 1 nf 
Alo.o7Ga 0 .9 3 N^77Ki33. I n 0 . 17 Ga 0 . 83 
Nigtt«34, P lAl OJ7 Ga 0 .„N;7 7 Hl3 
5, pSGaN3^^^bii3 6^)m<J:^««$ixT7B 

[0059];;t, P lAl 0 , )7 Ga MS N?77H 
®35, pMGaN3y:?^hji3 6tc:«±, MgfcO 

[0060] -eLT, wt-y-iJt—Yby* vy**- 

YOlMmmffiiklt^ pIGaN3>^?M3 6(?)S 
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I*^nlA 1 0 . 03 Ga 0 . 97 Nrj>'^^ H3 2ifX 
y^-V^il, nIAl 0 . 03 Ga 0 . 97 N3y^7M3 
2<0*ffi* t fSiBl/O*4. 5£3fe^-r Fi:7* h^-f 
^--KCOpSGaNrjy^^ h®36±fci±, N i /A 
u P I!:*- 5 •/ ? 3 8 ftT V % & . 

Sia5t?tnMA 1 0 .o 3 Ga 0 . 97 Nr?y^7 hi!3 
2±iC«. Ti/AlHWnW-S 7 ^tl3 9 

tii, s i o z frhtc&mmm&3 7t>mmztix^ 

h. ZLX. ^ffiHM3 7±tC. Ti/A l*^^ri. 
ffi^«fi§4 0A^^:$ixTV^„ i6S§ltt«i4 0ti\ 

•/ ? *s 3 8 i: mnmzmwt zixxuz. 

[0061] mty4*-Yk7*v?A*-Y 

■frLxfoZitoMMtiK ztit'ti. x.mmm®i 02t 

^ffil0 3tc^rS. £tz. mty4*-Ycr>7*h¥ 

m-t&yt&mmi o 1 

[ 0 0 6 2 ] mz, 03 , 04cO*«MS3^t^<75f^ 
K*S^KBB-f4. 03, 04<OS«M5eBfcS^« 

[0 0 6 3] if, t7r-f r««3 0 5rS 

JfcftC-fe-y hU *»#XcK 1 1 2 0XrCiflRU S 
«3 OcO^MS-^"J--yj/L/i. &V>T\ fflS5r 5 2 

X»HmtcL, TMA^L> ®iaAl Na' 7 7t-1 
3 l£*»U:. 

[0064] J*Wt\ &R£ 1 0 7 0*Ct±tf , *Sg£ 
^'jmtU.TMG, TMA. SiH t « 
K»*>-tt-Cfla&U, nlAl 0 . 03 Ga 0 . 97 N3y^^b 
S3 2Sr3//m£7)ff$tC. nlA 1 0 . 0 ,Ga,, 93 

N?7>yF«33£0. 5umff>mZtzmmML>ti. 

tOig-^*'x»H»{cL. SJ££8 1 O'CfcrTW. *5l£ 
^+!i7#^i:LT, TMG, TMI^L, In 
o. 1 7 G a 0 . 83 NySftJf 3 4 £ 5 0 n mcOff S fcJ&£ L 

jkwc, 107 o°ctc±tf , mmz*v UT 

tfXt Lt\ TMG, TMA, Mg (C 5 H 7 0 2 ) 2 , 

(Etcp) z Mg*mmz$>ir£xmi!;L. piai 

o.07Ga 0 . 93 N?77 H135J-0. 5;um<7)/I£^ 
P SGaN3>-^^hJi36^0. 2/zm<7)ip§ 

[00 6 5] <J:(C. i|@3 0Atm, 5 0// mcrffiij&fs, 
5r«^*(^l3 5 // mH LX 2 ot^A^ - y £ 



3 2Sr»HlS-frfc. «yt«aM3 7 fc^SS i 

o t zmmmmwmmiz%)0 . svmvmzizmmL 

[0066] pfflW- 5 >v ?HS 3 8<7)BftiJ:mm<7) 

^ KOXtattC. h-C**X h 5>f 7V^- 

y^mttzm. Si0 2 l3 7 5:X7f>- : /LT'j7 
^-±<?)pSGaNrJV^^hjl3 6^liai$^4„ ftV^ 
T\ P«*-S-y^*S*ns|T*6Ni/Au*«atL 

T , IBbr-f H t 7 * h 94 H»±«KC P ffl^J- 

4», 6 0 0*C-CSfc*!UaU piGaNny^^ hif 3 6 

[0067] &WT\ n«3j--S-y^«ffi3 9i:ffi»« 
«4 0£»j£Ufc. nLa|5j--S-y^«ffi3 9fcBM«SB 

4 0<^jftIglia:«» l 5T*4. -«r*)^. n 
IA 1 , J3 Ga M7 N3^y h/f 3 2±gP<OS i 0 2 
H3 7±^, U-^bT^l OO^mfficO^^fXh^^ 
ry^-^Sr^t^^, S i 0 2 f?3 7 ^x-yf-yjy' 
UnlA l 0 .03Ga 0 . 9 ,N3y^7M32&iai? 

d:^x\ n m*- s >y 9 «s fc aeismsEWMt-fc i. 

Ti/A l £jK*Lfc. ^xyN^^rflS^tf^ 

?->*mf&Ltz. *<7X£. mmm-w&x*4 5ox:xf& 

[0068]13, B4cD*1fM§fBteifm±. 

mmizmxfth&wimxfti.zsu Txtmnrt t . 

?ft*^>f*-Kii2-3<Wttaj««lil01. 10 2K 
msm 1 0 2 3&»6H5» Ltzittf? * h HO^Tt 

7^ h?4*- Yco : &'m&^-?--thZtl l zk 
ot, 3Bt^-f3j--HfcaA-r6«8ttSrS»L. 3t£t573 

4 1 2 nmT'$>^7t. 
[0069] HMW4 
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m&mmt, mm^m^ty^ f t Lxmm^ti 

z^mx-hh. mscmx-a. mat?* 

Kcoio<7>{ffl®2 o ottmmm^mt^'yx^h. 
[oo7o]a5 *mkth t , mm4<rmty* * 

-Htt. nlGaNlt5 0±C, nlAl,.„Ga 
o.93Nffi^N'-y7r-®5 1 . nlA 1 „. 2 Ga 0 . 8 N? 
77HI5 2, A l 0 . 07 Gao. 93 NvStt«53. pIA 

l 0 . ! Ga t . 8 N?77H154. plGaNay^^h 
Jf 5 5 4WM3M3*ifcMfltt£* LTV v& . 

[0071];;ts pIA l 0 .(Ga M N;^7 FJg 
54, plGaN3^;M5 5ta. Ztl^tl. Z 

n t o ( ) tfmfrtt&n $ tlX V . 

[0 0 7 2] -£LT. ffefc^^-KiOpMGaNuy 
hS5 5±£<i. N i /Aui^^rlipW-i -y 

mmmmm^tix^^mui. ti/ai 

5T-k«5«ib2 o oizmmizttLxmm-B&z 
[0073] Kt:, 125 oaaiy -r Ycwmnm* 

[0 0 74] -r?jri>*>. n!GaNi«50^ 

it^-t >y h u ryt-r^xtp. 1 1 2 oxrefloJKi 

£ 6 0 0*CfcW, »B«£ N H 3 fcffl* fc **t0^ 
#X#ffi£U::U TMAtTMGfci^nlb'-A-yh 
tfXX'fo&S i H t #*i&aU nIBAl,,„Ga 

[0075] &Wt\ 1 0 7 CCfciff. TM 

g, TMAtiXx/nm^mm^fxtLxsiH^mm 

IZfohitX&teL, naAl 0 . 2 Ga 0 . 8 N^77Kl5 
25:0. 3um<r>m£{Z^ t.fz. A 1 0 . 07 Ga 0 . 93 NvS 
ttS535rO. 0 5um<DBZlZl\®!mmLti. 
X\ nl^WflOftb')!:. Zn (C 5 H 7 0 2 ) 2 i: 

ttibmmzDEZn^mmzhh-tx^L. p ia 

lii.2Ga 0 , 8 N?77HI54S:O. 3^mC7)Jl$(C. 
pMGaN:J>"??|-Jf 5 5£0. 2//mc7)Jf£ 

fcjt<fc«wi l*: . vc. P iaij}-- * y ? mmmix-h 
4Ni/Au*«m»to±iBfc3!i»Lfc. -?-<of&. a 

#??BM4>. 6 0 0*CT1£*!W1U piGaN3y?7 
KJ15 5±£p<lbr-$>y?mti5 6£ia£U:. 
T\ GaNi«5 0<7>gffi£ffl^U #1 OOjixmcDJf: 
SfcLfc. *we, nfflJ^-$ yi7m®««T'S>STi 
/A 1 &»*U M*#H^T'4 5 0'CTI^aaLT, 



£IBLT. tijft^®2 0 0<?)^i:. f7/M^ffo 

[007 6] 05<7>?BfcyM*-h*ti. P«*-5-y? 
mffi 5 6 , n dbf- 5 -y 5 7 KJl!S-|pJ<OA>f 

$rEPSrr-g»i:iW-ri., -f^r^, pffl9^-5-y^«ffi 
56, nffll^— 5 v7WBi5 7tzmiima'WTX*® 

arr-s-t. ^3tr-Y^- Hioi-9<ora®T*>i.3ttBitffi 
®2oo*^5t*^gpt=tbit$ixi>. zvftftyj 

[0077] mmms 

mmmsa. mitfziim2commmm^m^mx'^ 

*ut p Mi 1 1 i^M*#»ft£*tf^flcKJB»ii 

[0078] B6ti£lt0l5*>¥*tt£a (^flO— 
if-) S-^^E-C'&S. 06*>WrUU ^f^P— r- 
ti, t7r-(7SS6 0±(:, AlGaNfifiA' 7 7r 
-■6 1. nlA 1 0 . 03 G a 0 . 97 Nn^^^ HJf 6 2 , 
nlAl,. 08 Ga 0 , 92 N^77HI63, nIGaN# 
■i KB 6 4 . I n 0 ,i 6 Ga 0 . 86 N/I n 0 .o 2 Ga 0 , 98 N 

zmsLTftwm&m ( 2^r> 6 5. pia i 0 . 2 Ga 

0 . 8 NJf66. pIGaN^ KJI67. P IA1 M! 
Ga 0 . 92 N?77K168, pSGaN3y^;M6 

9tm&mmztixmmmmt lxmsslzhx^z. 

[0079] Z\ZX\ pIA 1 0 . 2 Ga 0 . 8 NJI6 6, p 
!GaN*M KJi6 7. PlAl,. M Ga,. 9i N?77 
KS68, plGaNay^?M69dl MgiO 

(.mm) tfV-t°>7ZtlX^Z>. 

[0080] -etr. ±smmmm±. piGaNay 

9? hme 9(^I*^nSA 1 o. , 3 Ga 0 .„N3^ 
^M6 2JT'X7fy/'$ft, nlAI 0 . 03 Ga 0 . 9 , 

N3^7 hm6 2<7)3miJ s mihLx\^h. isucn 

MA 1 o. 03 G ao. 9?N3y^? hJf6 2±.(C(i, Ti/ 
AI4>^6n COW"- 5 -y ^ttfii 7 2 ilT V ^ 
£>„ &*Z. plGaN3V^?M6 9^IHpI 
A l 0 .08Ga 0 . 9! N^77 H«6 8£7)^4 I tT'X-yf-y 

rztx. m&wzv -y ^'«jt4 o onmA^itx^i . 

y y >-'4 0 OSs^ffiO pSG aN3V??H69± 
Ni/Aumi»p[l^-S7^tfi7 1« 

lt s i o 2 &mmztLX}5 o . mmmm7 o±t<i 

-eLT. ««fi|jSt«Si^U-y^ffljttilfa 

[0081] S6<?)^^P-if-<7)f^^Sr 

ttMOCVDiJrClT-?*:. -r^*>. S-f. t7r-f7 
SE60 SrSUS^d-fe y h L. TklSStf**. 1 1 2 0°C 
■CUD^L. S«6 0c7)^®$r^'J-^>'^L3t. JJCV* 
X\ ag$r5 2 0 <, CtcT{f. #H^NH 3 i:^*t* 
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*<f5*te#*#fflSUCU TMGfcTMAfcSUffiiB 
A lGaNA' 7 7 7 -16 1 £i£f»Lfc. &Wt\ 
51 05 0rtC±(f\ ***** 'JTtfXt LT, TM 
G, TM1, S i H^mtiZfobltxm&L, nlA 
'o.o3Ga 0 . 97 N3^^ hJ16 2Z2umC0mZlZ, 
&tz. nffiA l 0 . 08 Ga 0 .92N^7-y HS6350. 7 
/zmi50iI${C. iifc, nlGaN^-f FJf 645:0. 1 

jg£8 1 OtCTIf, ***4f^yr^fc UTM 
G, TM I $H£&U In 0 , ls Ga M5 N/In M jG 
a 0 .98N^ilf#Fgtti6 5 (2^T) SrJfcJIL 

<Di&^#Xf?ffiSU::U -&m £ 1 0 7 O'CKLtlf , ** 
VTtfXb bT, TMG, TMA, Mg (C 5 H 7 
0 2 ) lP (EtCp ) t MgSr««fc:*iytt-cfiaftL» 
PiAl 0 . 2 Ga 0 . 8 N166?:2Onm(7)I$(; N £ 
fc, pSGaN^ FS67S:0. 1 u m^^tc, * 
fc, plAl 0 . 08 Ga 0 . 92 N^57Hl685O. 7 p. 
mcr>mZlZ^ piGaN3^? hJ169£0. 

2 ju m OS§ (dg&flUI Liz . 

[0 0 83] l^>-'XhT'1@4/imc0^h7-f7° 
A7-y5S0ILt7f 1 mmt'MLft. -I^v-* 
LT, i&O. 7;umoaS$£ h' 
7^Xyf->-;/LT, U yi^'4 0 0$rJ^)SL>to US'** 
h^X^$-^4t7tf*tC, $ tzlZUitX bX'V 7y'4 0 
0 £?1 3 *S 5 0 0 m mm h y A 7J*9 0 jg L 

^kU.ftl. SvumcoS^f^K^x-y^i^L 
T, nSAl 0 . 03 Ga 0 . 97 N3>^^hil6 22:^tB$ 

-frfc. <x^x\ mmmm7 o tsr* s i o 2 m^«« 

[0 0 84]^^. p«*-5-y?«B7 1 ?r^«L 
. P flW"- S -y ? WBt 7 1 <0»jfixe«»C<»>3i 0 Th 

i-r, v-v¥4oo±mz, uisxbx-z^xh? 

4?rt?-y*i&m^tz®.. SiO 2 l7 0^i7fy 
^Lt'J'y^OOitOpIGaNny^? h«6 9Sr 

1&4 5 0/xmgc7)5^fXb7-f ysf—yiBl&L. >J 
•y 'J A 0 0 JlKpJIJ:*- 5 y ^WSflTftiN i /A 

vx v zmfrtx u =jx b±.izmg2titzmmtz v 7 

3>, 6 OO-CTISMJIU plGaN3y^? M69 
±^pffia^--5-yi?«®7 1 Z&l&Ltz. 
[0085]»:ut. nfflS>j--5 y^«S7 2tiE^« 

S7 3 5MU. nm*-$ v?mm7 2tmkWM 

7 3<?>MtfaLnii<9:<r)m Y )X'*>&. tth-h. t-f. n 



MA lo.03Ga o . 97 N3>^^h®6 2±gP<7)S i 0 2 
M7 0±iC L-S^bTiftl 0 0umlfgcr>?*Xh : 54 
7^-VZBjS.htzm. SiO 2 i7 0Ji7fy/ 
UnlA 1 o.o.3Ga 0 . 9 7Nn>-??hJ16 2£SSfct5£ 

t, pmmm±tnw*-s. v7m&$:&fci-z>&-mz 

5 7?i»fSi K*MHHsroT**T i /a 1 co 
m*ift\>\ v^-ttwmmwzmu uisxbt 
i$frLxi/i>x b±t,zmmztitznmtm : S: v ? 

U n«W-S7?««7 2*)BlSLfc. 
[0 086] JJCI^T. ->T7TJTmffi.6 0£m<ffim 
L , 'Jy^OO fc:«fcfflafc:& & J: 3 tcfj 0 , 3tftS 

[0087] 06<^NI*1/- iF-fci, «Si7 1,72 

[0088] mums 

mmm e am 1 * tzizm 2 commmrnnmumxim 
ztit: pmii mmim i mfoz-&ts¥mimmtmz 

*#3sa»i¥W»i'-- if-fcUTiijftsnTv^. 07 
Tcommmxhz* 

[0089] H7, m8*&m-t&b. ¥mi*u-y- 

COmmffilk2 0 0 0l±. nlGaNMl2 0±(:, n 
lAlGa Nfl&fiA-y y r-Jf 12 1, nlA 1 0 . 03 G 
a 0 .97Naja^777-ll 2 2. A l 0 , 16 Ga 0 , 85 N 
1123ai:GaNll 23bttf)j@|S : F^^| l ni 
;77H1123. nMGaN^'-f KJBl 2 4 , In 
o. i 5 Ga 0 . 85 N/I n 0 . 02 Ga 0 . 98 N^M»^#Fvgtt 
■ 125, piAl 0 . s Ga,. 8 Nll26, piGaN 
HA HS 12 7, A 1 0 .i 6 Ga 0 . 86 Nll 2 8afcGa 
Nil 1 2 8 b fcajBffi?0>6&* Pi? 5 ■/ HJI 1 2 
8, pMGaN3V^?hJll 2 9^HI<?:^aJI$ixT 

[0090] i ZX\ pIA 1 0 . 2 Ga 0 . 8 NJil 2 6, 
plGaN^h'1127, pI?77H1128, p 
!GaN3y?7Ml 2 9Cli, ZntO (S?S) 

[009 1 ] ^LT, «»fil3t2 0 0 0«, pIG a N 
3>-?2?b«l 2 9<?D^ffi*^pM?9 y FJf 1 2 8^0 
^4>^T'X-yf->-^$ix, «^^U y^'«jt9 0 0^ 
3B*S<1TV^&. -f-LT, 'J y>-'9 0 0g^Sc7)pMG 
aN3y??M129±tll Ni/AuH^P 
IPM-5-y^Hffil 3 1#»jS3;IvOV&. ±fc, pM 



(?1 0))02-353144 ( P 2 0 0 2 - 3 5PJL8 



tmztix^z. 

[oo92] zlx. mmmm2oootmm.mmv ? 

iSffim. 9 0 0 t«WaSfiKft*«#sSgffi9 0 1, 9 0 2 
*XTVM>„ -fLT. GaNiSl 20<DJi®C 
fcL T i/A l*^3r&nfflbJ--=-y?mffil 3 2» 

[0093] &l=, H7 , !28<7)^flsl^— T-c7)f^ 

£2 0 0 0<0^ B «*JiMOC VDffitlToft. -T^Nb 
*>. nlGaNMl 2 0 £RjS?ffK:-fe -y h U 

yk^t^tT^t-T^'x^^'x^. 1 1 20'C 

fciidfcU S«i 2 0co^®$-^'j--y^t^„ 

T\ iSJg£ 6 0 0*CKTtf , N H 3 1 SBRk**<?5fi^ 
tf^HHSCT', TMAfcTMGfcitf nMK-^Vhtf 
XtibSSi^^XS-gL, nSffiiSAlGaNA 7 
7r-ill 2 l£if«L*:„ &WC\ iS^Sr 1 0 7 0°C 
fc_kH\ fcmZ^vVTtfAk LTTMG, TMA, n 
I?MMxt LT.S i H 4 £ffljSfc<Mr£-Ctt»U 
nlA 1 o. 03 Ga 0 . 97 NMa*7 7r-l 122£l/i 
m^^tCS^L^:. &V">T\ TMG, TMA, nS>^ 
m&iixb UTS i H 4 Sr«JSfca*rtft«*ftU A 1 
0.i5Ga o .85Ntl23atGaNf 1 2 3bi<7)j@f§ 
fK^nI777Pil 235r^0. 6^m(7)f$ 
tSBWLfc. £.IT\ Al,, 15 Ga MS 
NJfl 2 3 a#<7 nnu GaN|123 b**7 nmt, 

[0094] <KWC, 1 05 0*Cfc~Rf . nlG 

aN#'--f H/l 1 2 4 5r 0 . 1 jumflMf SfcSJiUi. <fc 

a&tf-XJWWlfcU SS* 81 OiCfcTIf, 
A-'JT^'XfcLt, TMG, TMlSrtt^L, In,, 15 
Ga 0 . 86 N/I n 0 .02Ga 0 .98N^fiS^#Fvg14Jil 

2 5 (2^T) *«*L/1. SSflMS'NH 

3 i:S«t*»<OM-^*'X|?HMtc U 10 7 0 
'CfcLhtf, TMG, TMA, Zn (C 6 H 7 0 2 ) 2 , DE 
ZnZmmzfobltXm&L. p1A1 0 , 2 Ga 0 . 8 N/I 
1 2 6$r2 0nm<JDif$(C, plGaN*WHi 
1275:0. ljum<OJ¥$fcM^Jf Ut. <fcvvt\ A 
l 0 . 15 Ga 0 . 8 5N1128ai:GaN1128bt^ 

t&^^Sr&nSf^y KJfl 28&#;0. 6um<?>W- 

sfcwiu:. zzx\ &m<omzit. Ai 0 . 15 Ga 

0 . 85 N1128a#7nm, GaNil 28b^'7 nm 
X\ 4 3«SU. JJCWC, pIGaNHV^^h 
SI 2 95-0. 2Aim<7)Jl$^ajiL7t„ 
[ 0 0 9 5 ] &WC\ W^'X h-Cifi4A£mCOXb7^r 
A7-yJgOIL-e7f3 0 OMmT'B&LLtl. Z\<F> 
l/y'X^-y5:7X7tU, »0. 7 Mm<7)$£Z 
S-r-'^'fX /fy/U. U 7y'90 0J:ML^. U 
^hvx^JiiUA iSttSSBIi 3 0fc=Sr£S 



iO 2 ^^«Ji^jti0|g®{c$<i0. 5//m<9Jf£tiftW 
[0096]^t. P«3f-S-y^«ffil3 1*»jfi 

Lfc . Pl^-S7^lii3i <o®^is«<J:<7)ii o 

-£'£>-!><, "t^*>. ^"T. U -y^9 0 0±SP(C. U : JX 
Y-X'?*xhyJy'J*7->ZBf8.L*:m. S i 0 2 & 
Jtfi^JKl 3 O 5:X 7 f Lt 'J 7 y±« pIG a N 

(fc*U +?xjs-mmtz, pm*-$v?nmtf®xh 

5N i/AuSrHSTLfc. -^cOflL M3t«Bm*. 6 0 
OXTCi&HWIU pSGaNry^?Mi29±t:p 

[00 97] iKWC. S«l 2 0<7>«®£Bf©U US 
^100/;mi: LfcflL nW- 5 -y ^TOWR-?* 
ST i/A 1 £gg«Lfc. -€-<y)fJL a*SB^T'4 5 0 

ffl9 0 1 , 9 0 2£J&£L*:. 
[0098] £<0¥^tel'~r-ii, «S l 3 1 . 13 
2ICJ8#l*lfc«K*&A-*-4fc!83teU $£fc*a*i» 
JD§*S t l/-fHIILfe. 3H5tt«(itt4 0 3 n m 

[0099] 

ttfflUTpMlIIl^^W3»*S:f«8-r-I.^T% 

mm?mthz\btfx'*h. 

[0100] ttz. §8?m3 sffi<7>mHz£ft.ti. a* 
«#MSft + iz H - h° v <ifcfiaSK<0 p ffi 1 1 1 ^a-fL 

[oioi] ttz. m%m4 . m^m5SM<mmzi 
tii£, m^m3sm<^pmummim^mm^ts^ 

t'S>«.^»t\ ts!*«i i immivmmftmwx o t» 

[ 0 1 0 2 ] 4fc. t»*fl6^MI«*JS8lStt^BHt 

iixK. i«*js4 afcjiai &m 5 imco^mtigamzte 

^X . ^««s^S<i. p t n 
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[iai ] *m i mmminpmnmmim¥mfo£ 

i ® 2 ] *smn&m 2 <n P mi i i ea^^mp^sr 
^-t0-t-£>&. 

[03 J *^<7)HMM3co^*^S^^-f0T'J> 

[04 ] *f&nnmmm3co^ftmms:iFrtmz'$> 

[05 ] *^BJc7>MSSCT4^^«sgS^^i-0TS> 
[06 ] *W^^W5»#s*f«etS:^rH-Cft 

[07] *m*7>mm 6 <o^p«^s&^0T'* 
[08 3 *wmmim6<?>msima.t:jiitMT*> 

1 0, 20, 6 0 t7r'f7il 

11. 2 1 <&ffiGaNA. y ;7T — S 

12,22 plG a NJ1 

3 1 AINiiSA7 7r-i 

32 nlA l 0 .03Ga 0 .97N3>-^2?hJl 

3 3 nlAl M7 Ga 0 , 93 N?7'yKl 

34 I n 0 . 17 Ga 0 . 83 Nvgttjl 

35 plAl 0 . 07 Ga 0 , 93 N?77Fl 

36, 1 29, 55, 69 P IGaN3y^? 

hm 

37, 70, 130 mm&mm 

3 8, 56, 71, 131 pm*-$-y7mm 

37, 57, 72, 132 nffiM— 5 -y^mfli 



4 0, 7 3 

5 0, 120 nIGaNSfi 

51 nS Al 0 . 07 Ga 0 . 93 NSaA 7 7r 

m 

52 nlA l,. ! Ga,. 8 N^7h'i 

5 3 A l 0 . 07 Ga 0 . 93 NvSttS 

54 pIA 1 ,.,Ga,.,N^7 KS 

6 1 AlGaNiaA' 7 7T-l 

62 niAl 0J3 Ga 0 . 97 N3^?M 

63 niAI 0 . 08 Ga 0 . 9! N?77Hl 

64, 1 24 nlGaN^M FJ§ 

65, 1 25 1 n c , 15 Ga 0 . 85 N/I n 0J! 
a 0 . 98 NMif#FSttl 

66, 1 26 pIA 1 o. 2 Ga 0 . e Nf 
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